Background: It is vital to share details of concrete experiences of conducting a nationwide survey, so that the global health community could adapt it to expand geographic mapping programs, eventually contributing to the development of control and elimination strategies with limited resources. A nationwide survey of schistosomiasis and nine other intestinal helminthiases was conducted Objectives: We aimed to describe details of the key activities and components required for the nationwide survey of schistosomiasis and other intestinal helminthiases and to analyze its costs.
Author Summary
Although large-scale mapping of schistosomiasis and other intestinal helminthiases has been conducted in some countries, little is known about the details of nationwide surveys, such as the necessary scale of the workforce, logistics, and the cost of conducting a nationwide survey.
A nationwide survey of schistosomiasis and nine other intestinal helminthiases was conducted from December 2016 to March 2017 in Sudan. A total of 105,167 students participated in the survey from 1,772 primary schools in 183 districts of all 18 states of Sudan. Herein, we present the activities that were necessary to prepare and conduct a nationwide neglected tropical disease survey, along with details on the types and amounts of personnel, survey equipment, and consumables that are required. In addition, through an analysis of the costs of the nationwide survey, we generated average costs at the district and sub-district level. The key cost drivers were personnel and transportation, both of which were recurrent costs. Establishing a steering committee to develop and reach consensus on a survey protocol, assessing the capacities of potential staff (particularly laboratory technicians), and training laboratory technicians and data collectors were key components required to prepare a nationwide survey.
If a government finds a way to mobilize existing government officials with no additional payment using the health system already in place, the cost of a nationwide survey would be remarkably lower. We expect the global health community to draw on this study to develop nationwide surveys for schistosomiasis and other intestinal helminthiases. 5 
Background
Neglected tropical diseases (NTDs) have been chronically underfunded, making it necessary to allocate limited resources efficiently [1, 2] . Although investments in disease mapping have increased in the past decade, in many parts of the world, the prevalence of NTDs remains unknown or patchy, or the data are outdated [3, 4] . The gaps in the known prevalence of schistosomiasis and intestinal helminthiases, including soil-transmitted helminthiases (STHs), are considerable, and prevalence data are only available for fewer than half of all districts in sub-Saharan Africa [5] .
Implementation of NTD control has been hampered by a lack of data on their geographical distribution and limited funds. Operational experience with nationwide NTD surveys is limited, and this is particularly true for integrated surveys [6] . Therefore, it is vital to share the details of concrete experiences of conducting a nationwide survey, so that the global health community could adapt it to expand geographic mapping programs, eventually contributing to the development of control and elimination strategies with limited resources.
In recent years, several studies [6] [7] [8] [9] [10] have begun exploring the main drivers of NTD survey costs and the potential effects of modifying standard operating procedures. The first study [6] analyzed the cost of the integrated surveys for lymphatic filariasis, schistosomiasis, and STH infection conducted in South Sudan by Kolaczinski and colleagues [6] . They called on the global community to undertake similar studies to compare results across different settings.
However, the survey in South Sudan was not conducted throughout the nation (instead, it was carried out only in one state), and previous studies [6] [7] [8] [9] [10] were limited to analyzing cost only.
We need to understand what activities are necessary to prepare and conduct a nationwide NTD survey, and the types and amounts of personnel, survey equipment, and consumables that are required.
Sudan was one of the African countries with the largest unmapped areas of schistosomiasis and STHs, and it was necessary to update the prevalence data [11] . A nationwide survey of schistosomiasis and other intestinal helminthiases, including STHs, was conducted from December 2016 through March 2017, in which 105,167 students participated from 1772 schools in 183 districts of all 18 states of Sudan. Herein, we aim to describe the details of the key activities and components required to prepare and undertake a nationwide survey of schistosomiasis and other intestinal helminthiases, and to analyze the costs of the nationwide survey. We compare the results with those of previously conducted surveys to obtain insights into the key cost drivers of a nationwide survey of schistosomiasis and other intestinal helminthiases and to contribute to the development of survey designs elsewhere. Sharing experiences of nationwide surveys is important for the global health community to expand global mapping activities [12] . To the best of our knowledge, this is the first study of its kind to examine the details of the activities, logistics, and costs of a nationwide survey of schistosomiasis and other intestinal helminthiases.
Methods
This nationwide survey was carried out under the umbrella of the SUKO project, which was the Sudan-Korea collaboration project of schistosomiasis and other intestinal helminthiases control supported by the Korea International Cooperation Agency (KOICA). The survey protocol has been described in detail elsewhere [13] .
Ethical statement
For this study, ethical approval was obtained from the Federal Ministry of Health, Sudan (FMOH/DGP/RD/TC/2016) and the Korea Association of Health Promotion (130750-20,164-HR-020). Prior to the survey, we provided the survey protocol to the Ministries of Health of all 18 states, including a description of the proposed activities. We explained the survey protocol to the head teachers, teachers, and schoolchildren. We obtained informed consent from the head teachers and schoolchildren in written form. We could not obtain informed consent from the parents due to the large sample size. Instead, schoolteachers informed the parents about the survey details through students and checked for parental consent before launching the survey. Data collection was undertaken using tablet PCs and the data were anonymized.
Study area
Sudan is the third largest country in Africa, comprising 189 districts in 18 states. The estimated Sudanese population is 37.4 million in 2016, of whom 45.6% are children younger than 15 years and 3.9% are people aged above 59 years. The White Nile, the Blue Nile, and the River Nile flow through the country. Sixty-one percent of people have access to improved drinking water and 27% to improved sanitation. The study population was students aged 8-13 at 15,761 primary schools across the country.
Sampling
We used two-stage random sampling for the nationwide survey. We applied probabilityproportional-to-size sampling to select the schools. Twenty students from the second, fourth, and sixth grades were selected at each school. Based on compelling evidence of the focalized nature of schistosomiasis infections, we divided each district into one to three different ecological zones depending on its distance to water bodies (near, less than 1 km; medium, 1-5 km; far, 5 km or above). We defined an ecological zone as an area located within a similar distance from bodies of water in a district. There were only one or two ecological zones in some districts. We used random sampling for schools and students to derive precise estimates of prevalence with a sufficient sample size. Finally, we surveyed 105,167 students from 1772 primary schools from 390 ecological zones in 183 districts of 18 states across Sudan. The nationwide survey was conducted from December 2016 to March 2017.
Detection of schistosomiasis and other helminthiases
Stool and urine samples were processed within 24 hours. A training module was given to each state level team, which included color images of the various parasites expected. We used the Kato-Katz technique for the eggs of Schistosoma mansoni and other intestinal helminthiases using two smears [14] . We used centrifugation to examine S. haematobium eggs. Two slides were observed for each sample and a federal supervisor cross-checked the results of the examinations by state laboratory technicians to validate them. Federal-level supervisors randomly selected 10% of slides examined by laboratory technicians and re-examined them on a daily basis. An independent team of biologists and parasitologists re-examined 5% of the slides for quality control purposes. A total of 655 people were deployed for the survey.
Collection of data
For cost analysis, we applied the same methods suggested by Kolaczinski and colleagues [6] .
We estimated financial and economic costs from the provider's perspective. Cash expenditures incurred to implement the survey were defined as financial costs. We organized costs into capital and recurrent items. We calculated the average financial daily cost using straight-line depreciation for capital items. The total number of survey days was considered for the capital costs. We took into account all the resources invested in the survey, including the components that were not paid for, such as vehicles and survey equipment provided by the Ministry of Health, Sudan and the opportunity costs of primary school teachers' time spent on the survey.
Capital items were discounted with a 3% discount rate over their lifespan. Daily economic costs for all capital items were calculated and multiplied by the number of days they were used for the survey. We used the same estimated lifespan for vehicles and survey equipment (4 and 2 years, respectively) that were used in South Sudan [6] , since similar harsh climactic conditions are present in both Sudan and South Sudan. Data for costs were collected from the financial records of the project. We used an average exchange rate of 1 USD = 0.15264 SDG for the costs of survey activities between September 2016 and March 2017. We did not use shadow prices. To estimate the total value of goods or services, we multiplied their unit price by the total number of each item. For office overhead costs, we directly requested the implementing organization to share the actual amount with the study team [15] . We presented the costs by district, sub-district, schools, and individual levels to allow for comparison with other studies. For key activities, real-time weekly and monthly reports were documented with budget components.
Sensitivity analysis
We ran one-way sensitivity and probabilistic analyses using Monte-Carlo methods with 10,000 draws to examine the robustness of the primary analysis results [15] . Discount rates and the lifespan of vehicles and survey equipment were adjusted. A cumulative probabilistic curve was examined for the cost of survey per ecological zone and district. Table 1 shows the main activities conducted in the nationwide survey from its preparation to results-sharing. A steering committee was established to supervise the overall program, consisting of high-profile Sudanese government officials, the World Health Organization country office staff, and parasitologists or epidemiologists from both Sudan and Korea. The first committee meeting was held in October 2016 to reach a consensus on the study protocol.
Results
After the committee agreed on the protocol, a workshop was organized to train state-level laboratory technicians and potential state-level supervisors. Thirty-six laboratory technicians and 18 state government officials were invited from 18 states. An additional objective of this workshop was to examine the capability of state-level laboratory technicians in order to help the management team understand the required intensity and duration of training to be conducted prior to the survey. During the three-day workshop, they were trained and their capability was assessed through classroom-based lectures and field-based mock surveys.
Overall, the state-level laboratory technicians' capability was found to be satisfactory. Most of them were laboratory technicians working for the state-run central laboratory, and they had experience examining various parasites for their routine work. Therefore, they were appropriately equipped with the required skills to detect schistosomiasis and other intestinal helminthiases through microscopy and centrifugation. All personnel for the survey were recruited in December 2016, including 18 federal-level supervisors for laboratory examinations, 18 federal-level supervisors for field visit activities for specimen collection and questionnaire administration, 18 state-level supervisors; 218 state-level laboratory technicians, 244 state level field-based data collectors, 3 independent quality control supervisors, 3 federal-level operation team members, and 2 independent data management support team members. Finally, a steering committee meeting was held to share key findings, discuss future plans, and derive policy recommendations. A total of USD 1,658,352 (financial cost) was spent for the overall activities of the nationwide survey, including preparation, the post-survey workshop, and steering committee meeting, of which USD 1,465,902 (88%) was incurred by the actual survey.
A reference case scenario is outlined in S1 Appendix, in which we applied the same scenario that was used for costing in South Sudan [6] . Table 2 Figure 1 ). The results of the Monte Carlo analysis with 10,000 trials show a range of all the cost metrics. Figure 1 
Discussion
We provided details of the nationwide survey of schistosomiasis and other intestinal helminthiases in terms of the key activities and costs in Sudan, therefore when planning to undertake future nationwide NTD surveys, the global health community could adapt and refine the activities and cost elements of the survey described herein. Additionally, Sudan had state-level laboratory facilities, many of which had microscopes and centrifuges, although the quantities were not sufficient. In some exceptional cases, such as North Kordofan, we had to operate a mobile laboratory due to the remoteness of some schools, but in general, laboratory work was carried out at state-run central laboratories. If a nationwide survey is to be conducted in settings with no local laboratory, more costs will be incurred for the laboratory setting, including the cost for equipment.
When designing the study protocol, the project team planned to purchase seven vehicles (six for the state-level survey team and one for the central-level operation team). However, vehicle purchase was not possible during the survey period, and therefore vehicles had to be hired from local rental-car companies, which led to a substantial rise in recurrent costs.
The reference case suggested by Kolaczinski and colleagues [6] was applied for this study. The Caution is needed when interpreting the results of this study because our findings cannot be generalized to every other context with a high prevalence of schistosomiasis and other intestinal helminthiases, which is the major limitation of this study. In particular, Sudan has a number of highly skilled laboratory technicians, and NTDs are prioritized by both the Federal and State Ministry of Health [16, 17] , making it feasible to mobilize a considerable number of capable workforce for conducting the survey. Another limitation of this study lies in the number of samples, which also relates to the generalizability of the study. Unlike the conventional methods recommended by the WHO making a decision of mass drug administration at the district level [18] , we divided each district into smaller areas according to the proximity to water bodies to reflect the focalized nature of schistosomiasis prevalence [19] [20] [21] . In addition, we sampled a sufficient number of students to derive precise estimates of prevalence at the state level [22] . This led to sampling far more students at the district level than would have been done using the conventional method (250 students from five schools per district using conventional methods vs. 900 students from 15 schools per district in this study). If this survey had applied the conventional methods, the average economic cost per district would have amounted to the current cost per ecological zone of this study (i.e., USD 3,888).
Personnel (64%) and transportation (18%) were the key cost drivers in Sudan, while personnel (38%) and survey consumables (27%) were the key drivers in South Sudan [6] . Whereas the survey in South Sudan was conducted only in a single state [23] , the survey in Sudan was undertaken in all 18 states, which required an enormous workforce and a large amount of vehicles. Additionally, for the nationwide survey in Sudan, we incorporated federal-level supervision and an independent supervision mechanism for enhancing quality control, which led to a rise in costs. The participants of this study were 105,167 students from 1,772 schools in 390 ecological zones in 183 districts of all 18 states of Sudan. We suggest that the greatest share of costs for personnel and transportation should be reflected when budgeting future surveys for schistosomiasis and other intestinal helminthiases.
Apart from the key activities and costs, we provided considerable detail about the nationwide survey including the duration of the survey, the number of personnel by position and role, and the total number of each capital or recurrent item. We estimated the costs from the provider's perspective. However, if we had applied the societal perspective for costing [24, 25] , the result would not have changed considerably because few items were not paid for in this survey. No volunteers [26] were mobilized and parents or community members were not participated in this survey because it was conducted at the school level. We used the same lifespan for capital items as in the reference case in the South Sudan [6] . The relatively short lifespan of capital items (i.e., 4 years for vehicles and 2 years for survey equipment) made the cost estimates more conservative.
Conclusion
Establishing a steering committee to develop and consensus a survey protocol, assessing the capabilities of potential staff (particularly laboratory technicians), and training laboratory technicians and data collectors are key components required to prepare a nationwide survey. Supporting information S1. Appendix. Reference case scenario
